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. a, Schematic of the working principle of the splat-cooling system. The apparatus provides a maximum heating temperature of ≈ 3800 K and a cooling rate of 10 7 K.s −1 allowing the production of disk of metallic glass. b, picture of the levitating material heated above its melting temperature before the cooling procedure and c the resulting "splat" after cooling. Figure S2 shows the evolution of wide scan XPS spectra with respect to the preparation cycles under ultra-high vacuum, consisting of Ar + sputtering and annealing at 650 K below the re-crystallization temperature of about 1030 K. As-received samples always show an important oxide layer at the surface of the glass (black curve). During production, the melted alloy is indeed rapidly cooled by being squeezed between two copper plates acting as cooling substrate. Therefore, the large temperature gradient at the interface Cu-metallic glass favors the exchange of materials between the two substrates and explains the traces of Cu on as received samples. The XPS spectra of as-received samples reveal the presence of Cu, O, and C (marked in Fig. S2 ) at the surface of the glass due to air contamination. The Ni 2p peaks are extinguished whereas the Ta 4 f is uniquely found in its oxide state of Ta 2 O 5 (see main manuscript). It is due to the higher chemical reactivity of Ta compared to Ni which promote the segregation of this oxide. By removing the oxide layer with sputtering/annealing, Cu 2p peaks are suppressed and the O 1s and the C 1s vanished in favour of the Ni 2p and Ta 4 f in their metal states. The red curve corresponds to a pure metallic glass obtained after the cleaning process. Although a trace of oxygen is still present, the spectrum does not evolve further with additional preparation cycles. We think that this small oxygen amount is most likely trapped in the glass material during its production conducted in low vacuum. However, we emphasize that the structures observed by STM (icosahedral and chain like) and reported in the main manuscript are not related to oxide structures because their lattice parameters are much smaller than oxidized structures. Rather, oxygen might play a role of defects at the MG bulk and surface. According to this spectrum, the material consists of 29.8 at.% of Ni, 50.9 at.% of Ta, 12.5 at.% of O and 6.8 at.% of C.
XPS characterization of the metallic glass.
Figs. 1c and d of the main manuscript show the XPS spectra evolution with the preparation cycles of the Ni 2p and Ta 4f. The red curves correspond to the clean metallic glass NiTa alloy. Full width of half maxima (FWHM) of Ni 2p and Ta 4f in the metallic glass and in the pure metals are compared in the following 3 A convolution of an asymmetry function, Lorentzian and Gaussian line shapes was used to fit the individual peaks. After this, the intensities were estimated by calculating the integral of each peak; the atomic concentrations were then derived using Scofield sensitivity factors. 4 The XRD patterns before and after such cleaning treatment do not show any relevant changes of the bulk structure. In other word, the surface of the metallic glass in the oxidized or pure metal states form does not impact the amorphous nature of the bulk. Such observation might be important for future experiments on metallic glasses or for industrial applications.
